Goals The aim of this study was to analyze recent trends in emergency department (ED) visits for diverticulitis between 2006 and 2013. Background Acute diverticulitis is a serious medical condition that frequently leads to ED visits, hospitalizations, and surgeries resulting in a significant health care burden. Methods Data were obtained from the National Emergency Department Sample (NEDS) records in which diverticulitis (ICD-9-CM codes 562.11 and 562.13) was the primary diagnosis in the ED between 2006 and 2013. The NEDS collects data from more than 25 million visits in over 950 hospital emergency departments and is weighted to provide national estimates. Our findings reflected patient and hospital characteristics such as demographics, geographical region, and total charges for ED and inpatient stays. Conclusions The number of ED visits due to diverticulitis and associated costs continued to rise between 2006 and 2013, while the rate of bowel surgeries and inpatient admissions through the ED for diverticulitis decreased.
Introduction
Diverticular disease is one of the most common gastrointestinal diseases in the US population [1] , particularly among the elderly [2] [3] [4] . Diverticulitis is the most common complication of diverticular disease with previous estimates varying between 10 and 25% of individuals with diverticulosis [5, 6] ; however, recent estimates suggest that the rate may be significantly lower [7] . Among individuals in Olmstead County, the incidence of diverticulitis increased by 50% between 1990-1999 and 2000-2007 , with a particularly notable rise in younger individuals [8] . The development of acute diverticulitis is associated with obesity, smoking, diet, lack of physical activity, and the use of nonsteroidal anti-inflammatory drugs [9] . Younger individuals with diverticulitis tend to have similar or less severe disease, though they tend to be re-admitted more frequently [8, 10, 11] .
The emergency department (ED) is a common point of entry to the hospital for patients [9, 12] . Diverticulitis is the third most common GI discharge diagnosis from the ED [1] . From 2000 to 2009, there was a 41% increase in hospital admissions for diverticulitis without hemorrhage, representing 219,133 discharges totaling $2.1 billion dollars in inpatient costs in 2009 [1] . In addition, it was estimated that approximately 13-36% of patients with diverticulitis require readmission [9] . Between 1998 and 2005, the average number of elective surgeries for diverticulitis in the USA increased by 29%, and the rise in elective surgeries for diverticulitis increased by 73% for patients between the ages of 18 and 44 [13] . More recently, the rate of surgeries for diverticulitis has decreased by 1.8% between 2006 and 2011 [14] .
The purpose of this study was to analyze the nationwide trends in diverticulitis in the ED, including admissions, surgical data, patient characteristics, and the associated cost burden from 2006 to 2013. No previous studies have looked at these data across these years.
Methods
This study utilized the Nationwide Emergency Department Sample (NEDS) [15] from the Healthcare Utilization Project (HCUP) [16] , which is supported by the Agency for Healthcare Research and Quality (AHRQ). The NEDS is the largest publicly available emergency department allpayer database in the USA. The 2006 NEDS contains data from about 26 million ED visits from over 950 hospitals weighted to approximate over 120 million ED visits, and the 2013 NEDS contains data from 30 million ED visits at 947 hospitals that are weighted to provide national estimates for 135 million ED visits [16] . The NEDS includes national ED information regarding patient and hospital demographics, as well as inpatient admissions rates, and ED and inpatient procedures and associated costs, among others [16] . Summary statistics on trends and population rates for these data are available at no cost on HCUPnet, offered by AHRQ. Individual years of the NEDS are available for purchase and include patient-specific ED data such as inpatient length of stay, associated costs, and procedures performed. We analyzed ED trends for diverticulitis from 2006 to 2013 using International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 562.11 (diverticulitis of colon without mention of hemorrhage) and 562.13 (diverticulitis of colon with hemorrhage).
Study Variables
This study analyzed the trends in diverticulitis ED visits (ICD-9-CM diagnosis codes 562.11 and 562.13) from 2006 through 2013, with a focus on associated costs and surgical procedures in 2006 and 2013. We only included patients with a primary diagnosis of diverticulitis, defined by HCUP as the first-listed diagnosis on a medical record, as this was determined to be the principal reason for the ED visit.
From HCUPnet, we retrieved patient statistics including age, sex, primary payer, residence (large, medium, or small metropolitan, large fringe (suburb) or micropolitan), and median income for zip code (low or not low). Hospital characteristics obtained from HCUPnet included ownership (government or private), region (Northeast, Midwest, South, or West), location (metropolitan or non-metropolitan), trauma center designation, and teaching status. We used STATA/MP 14.1 (College Station, TX) to analyze the 2006 and 2013 NEDS datasets for associated costs, surgical procedures, inpatient admission information, and secondary diagnoses. Much of the data reported in Table 1 and Figs. 1, 2, 3, 4 were retrieved directly from HCUPnet. US population data were collected from the US Census [17] for the respective years.
The variables included in this study are defined according to HCUPnet. Demographic data by zip code, collected by Claritas, defined the median income of a patient's zip code. The lowest yearly income quartile ranged from $1 to $37,999 (low), while the three highest income quartiles were defined as $38,000 and above (not low). A ''large central'' residence specifies metro areas considered cores of large cities with a population of 1 million or more. A ''large fringe'' residence specifies suburbs of large cities with a population of 1 million or more. ''Medium and small metro'' residences specify metro areas that have a population less than 1 million but greater than 50,000. ''Micropolitan and non-core'' residences refer to rural counties that have a population below 50,000. The American Hospital Association (AHA) Annual Survey determines teaching hospital status if a hospital has an AMA-approved residency program, Council of Teaching Hospitals (COTH) membership, or 0.25 or higher ratio of residents and full-time equivalent interns to beds. The American Hospital Association (AHA) Annual Survey of Hospitals determines hospital ownership.
The surgical procedures included in this study are consistent with clinical practice and previous surgical studies [18] . We included the following ICD-9-CM procedure codes: 45 [19] .
Results
The number of ED visits for diverticulitis in the USA increased from 268,767 in 2006 to 360,272 in 2013, a 34.1% increase (Fig. 1) . (Fig. 2) , a 26.8% increase (95% CI 26.8-26.8), and an average of 3.8% per year over this period.
Costs
ED visits with a primary diagnosis of diverticulitis also had a substantial increase in the mean cost (inflation adjusted 228/100,000 to 274/100,000; men: 220/100,000 to 259/100,000, respectively) representing a 20.3% increase for women and a 17.9% increase for men. A greater percent of women were admitted to the hospital through the ED than men in both 2006 and 2013: 60.7 and 47.7% for women and 54.6 and 46.3% for men, respectively. Women had a 21.4% decrease in admission, and men had a 15.2% decrease in admission.
Region
Patients in the Northeast had the highest rates of ED visits for diverticulitis per 100,000 ED visits in both 2006 and 2013 (262/100,000 and 301/100,000, respectively). The South had the lowest rate in 2006 (207/100,000), and the Midwest had the lowest rate in 2013 (246/100,000).
Primary Payer
Medicare as the primary payer for the ED visit had the highest rate of diverticulitis ED visits per 100,000 ED visits in 2006 and 2013 (416/100,000 in 2006 and 436/100,000 in 2013), while Medicaid as the primary payer had the lowest rate of diverticulitis ED visits (59/100,000 in 2006 and 85/100,000 in 2013). Patients living in large fringe metro regions (suburbs) had the highest rate of diverticulitis ED visits per 100,000 visits in both 2006 and 2013 (258/ 100,000 and 320/100,000), while in 2006, micropolitan and non-core (rural) regions had the lowest rate at 195/100,000 and in 2013 the lowest rate was large central metro at 242/100,000. Table 2 shows the number of patients undergoing any of the selected bowel resections, as well as the breakdown of sigmoid colectomies, which constituted the majority of bowel 
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Discussion
This study showed several important recent trends. First, consistent with previous studies [8, 20] showing a rise in the incidence of diverticulitis, we found the rate of ED visits with a primary diagnosis of diverticulitis per 100,000 ED visits increased by 19.3% between 2006 and 2013. Second, the aggregate national cost (in 2015 dollars) of diverticulitis ED visits in 2013 was over $1.6 billion representing a 105% increase in cost from 2006. Third, the percent of patients being admitted to the hospital from the ED for diverticulitis between 2006 and 2013 decreased as did the average length of stay and the number of patients who underwent bowel surgeries. Consistent with previous studies showing the elderly having the highest rate of diverticulitis [2, 4, 21] , our results also found the greatest rates of ED visits for diverticulitis among the elderly. Our results also showed that the younger population had the lowest rates of ED visits for diverticulitis. Our analysis indicates that there was an increase in the number ED visits between 2006 and 2013 in the younger age group. This is in contrast to other studies which show the rate per 100,000 ED visits did not increase significantly among the younger population [8, 13, 22] . Our study also found that the younger age group had the lowest rate of bowel surgeries of all age groups, which contrasts other studies suggesting that the younger age group may have more severe disease and more likely to require immediate surgical intervention due to complications [10, 21, 23] .
The decreased rates of inpatient admission and surgeries for diverticulitis in our study are consistent with other studies emphasizing outpatient management for uncomplicated diverticulitis [24] [25] [26] [27] [28] [29] . Several studies have found that outpatient care providing oral antibiotics for patients with uncomplicated acute diverticulitis was safe and efficacious in over 90% of cases [25, 26] . Both ambulatory care and homecare have been demonstrated to produce significant cost savings without compromising quality of care for patients [24] [25] [26] [27] . In addition, we found both the absolute numbers and rates of mortality in hospitalized patients were lower, suggesting advancements in surgical techniques. Several studies have shown reduced mortality and complication rates and shorter length of inpatient stays in patients undergoing laparoscopic versus open colectomy for sigmoid diverticular disease [30] [31] [32] .
Our study found the highest rates of hospital admissions in the Northeast, followed by the South and the Midwest. The reason for the regional differences is unclear, though it is likely to be multifactorial including differences in demographics such as obesity, a significant risk factor for diverticulitis [33] , which tends to be higher in the Midwest and South [9, 34, 35] . We found slightly higher rates of women being admitted to the hospital and undergoing surgery for diverticulitis. Several studies have noted gender differences with diverticulitis as well, finding it more predominant in younger males and older women [21, 22] . However, some studies have found no differences or a slight female predominance, as we found in our study [36] .
This study is in agreement with other studies that have found decreasing rates of admission and surgical procedures for patients with diverticulitis in recent years [14, 18] , and our data show that this trend continues through 2013. Unlike these previous studies, we analyzed cost for ED visits as well as combined ED and inpatient stays showing marked increase in charges for diverticulitis visits. In contrast to our study which showed a decrease in inpatient admissions and surgical procedures, a previous study analyzing ED data from before 2006 found increased admission rates and surgical procedures [13] .
While the admission and surgical rates of diverticulitis have gone down, there are still increasing rates of patients presenting to the ED with diverticulitis. Future care and policies may need to focus more on prevention of diverticulitis and diverticular disease, addressing risk factors like obesity, low-fiber diets, and chronic alcohol consumption [37] .
This study has several limitations. First, our dataset does not include ambulatory data or inpatient data from patients who are not admitted through the ED. Additionally, the NEDS includes data from 950 hospitals, which may vary in their coding practices. Also, this dataset does not indicate repeat patients, but counts each visit as a unique patient. This dataset was also not controlled for data entry errors. Finally, this study includes only ED visits in which diverticulitis was the primary discharge diagnosis, which may underestimate the number of ED visits. Further studies that examine differences in institutional coding practices and patient specifics may further define the information in this study.
Conclusions
This study analyzed the ED trends for diverticulitis and found increasing rates of patients presenting with diverticulitis as well as increasing costs between 2006 and 2013. While the rate of patients being admitted to the hospital from the ED with diverticulitis had decreased and length of inpatient stay had decreased, further studies are needed to find ways to improve outpatient management of diverticular disease and cost-saving measures in both the ED and the inpatient and surgical areas.
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